The response of neonatal rat oligodendrocytes to contact with myelin extracts prepared from the central and peripheral nervous system was examined. Contact with either CNS myelin or PNS myelin resulted in collapse of the fine structure of the leading edge of oligodendrocytes in vitro. The collapse of the fine structure of oligodendrocyte processes was preceded by a substantial (approximately fivefold ) increase in intracellular free calcium concentration. The calcium concentration increase was due, at least in part, to a release of calcium from internal stores, since it persisted when extracellular calcium was removed by chelation with EGTA. The increase in calcium concentration and the coincident morphological change suggest that oligodendrocytes might be able to recognize and react to specific molecules on the surface of other oligodendrocytes. o
INTRODUCTION
In the vertebrate central nervous system, the cellular interactions by which the myelin sheath is constructed by oligodendrocytes involve extensive movements by the oligodendrocyte (Raine, 1984) . In vitro, oligodendrocytes are highly motile cells (Raff et al., 1978) that actively extend processes that resemble neurites and end in growth cone-like expansions (Fok-Seang and Miller, 1992; Wood and Bunge, 1984 ; see also Fig. 1 ). By convention, the distal end of an oligodendrocyte process is referred to as the leading edge, rather than as the growth cone. It is well established that neuronal growth cones are responsible for detecting and integrating environmental cues that affect the development of axons; by analogy, the leading edge of an oligodendrocyte might serve a similar role.
Molecules that can influence growth cone elongation have been identified on neuronal surfaces (Baier and Bonhoeffer, 19921 , in the extracellular space (Davies et al., 19901 , and on the surface of non-neuronal cells (Caroni and Schwab, 1988a,b) . In the intact brain, oligodendrocytes are in close proximity to axons, to astrocytes, and to other oligodendrocytes. Unquestionably, interactions between oligodendrocytes and axons play a Q 1994 Wiley-Liss, Inc critical role in the process of myelination. However, interactions between adjacent oligodendrocytes might also play a role. As an initial approach to determining whether oligodendrocytes might bear surface molecules that influence the development of adjacent oligodendrocytes, we determined the reaction of neonatal rat oligodendrocytes in culture to an application of crude myelin extract. The advantage of this approach is that it is possible to test many different oligodendrocytespecific molecules simultaneously.
MATERIALS AN11 METHODS Preparation and Identification of Oligodendrocytes
Neonatal Sprague-Dawley rats, 1-5 days old, were euthanized by decapitation. The skin and calvaria were removed using fine dissection scissors. The brain and brainstem were removed intact and placed in Pucks solution. All solutions and media had glucose added to bring the total concentration to 6% wt/vol. The brainstem was transected both rostra1 and caudal to the cerebellum to yield a slice of tissue that included the region of brainstem immediately ventral to the cerebellum, the entire cerebellum, and cerebellar peduncles. A small piece of brainstem was then removed from the lateral portion of the floor of the fourth ventricle adjacent to the cerebellar peduncles on both sides. These two pieces of brainstem were placed in a 0.01% trypsin in Puck's solution for 24 min at 36°C. After enzyme treatment, the tissue was triturated and spun twice at 1,000 RPM through 4% bovine serum albumin (BSA) in media, to remove cellular debris. Dissociated cells were plated in modified tissue culture dishes (Honig and Hume, 1986) coated with poly-d-lysine as a substratum (Letourneau, 1975) . Cells were grown in F-12 media (Gibco) containing added glucose (4.2%), 8 Fg/ml insulin, 40 pg/ml conalbumin, 12 pg/ml ascorbic acid, 2% heat inactivated horse serum, 50 ng/ml 7s-nerve growth factor (NGF), 50 U/ml penicillin, 0.1% chick embryo extract, and 0.1% neonatal rat brain extract.
Neonatal rat brain extract was prepared in the following manner. Brains were removed from 15 rat pups at 5 days of age and placed in 50 ml of Puck's balanced salt solution. The tissue was homogenized and stored a t -70°C overnight. The tissue was thawed, re-homogenized, and re-frozen at -70°C overnight. The homogenate was centrifuged at 3,000 RPM for 30 min. The supernatant was removed and re-homogenized. That homogenate was then centrifuged a t 3,000 RPM for 30 min. The supernatant was removed and filtered (0.22 pm).
Under these conditions, the cultures contained a mixture of neurons and glia. Cells were identified by their characteristic morphology when viewed with phase contrast microscopy (Wood and Bunge, 1984) . The accuracy of visual identification was verified with immunocytochemical staining. Cells classified as neurons had round, phase bright cell bodies with processes that, after 5-7 days in culture, were relatively long. Cells classified as astrocytes had flat cell bodies. In eight cultures stained with an antibody against glial fibrillary acidic protein (Boehringer Mannheim), >95% of the cells classified a s astrocytes based on phase contrast microscopy were immunoreactive. Cells classified as oligodendrocytes had small, round, phase bright cell bodies, an eccentric nucleus, and a few short thick processes. In four cultures stained with an antibody against galactocerebroside (Boehringer Mannheim), an oligodendrocyte, and Schwann cell-specific glycolipid (Raff et al., 1978) ( Fig. 11 , > 85% of the cells classified as oligodendrocytes based on phase contrast microscopy were immunoreactive.
Preparation of Myelin
Extracts of CNS myelin were prepared from adult rat spinal cords. Extracts of PNS myelin were prepared from adult rat ischiatic nerve. Both extracts were prepared in the following manner (Norton, 1976): Step 1: Crude fraction isolation: 4.5-6.0 g of adult nervous tissue (spinal cord or ischiatic nerve) was homogenized in 50 ml ice-cold 0.35 M sucrose. After homogenization, the volume was adjusted to 100 ml with 0.35 M sucrose. Homogenate (25 ml) was layered over 25 ml of 0.85 M sucrose in each of four centrifuge tubes and centrifuged a t 48,OOOg for 30 min. The layer of crude myelin that formed at the interface of the two sucrose solutions was collected with a Pasteur pipette.
Step 2: Sucrose washout: the combined myelin layers were suspended in 10 mM HEPES (pH 7.2) in water by homogenization and brought to a final volume of 180 ml. This suspension was centrifuged at 48,OOOg for 15 min and the supernatant discarded.
Step 3: Osmotic shock: the myelin pellets were again dispersed in 180 ml of 10 mM HEPES in water and centrifuged at 12,OOOg for 10 min. The supernatant was discarded. This step was repeated twice.
Step 4: Purified myelin: the myelin pellet was suspended in 0.35 M sucrose, layered over 0.85 M sucrose in each of four tubes, and centrifuged as in step 1. The purified myelin was removed from the interface using a pasture pipette.
Step 2 was repeated at the end to yield a pellet of myelin in 10 mM HEPES (pH 7.2) in water. This pellet was aliquoted into 50 p1 samples and stored at -70°C until used. Immediately prior to use, 75 p1 of media was added to an aliquot of myelin. The osmolality of the media added to the myelin extract was adjusted with sucrose so that when added to the myelin the final osmolality was 300 mOs. Myelin extract was placed in contact with oligodendrocytes by extrusion from a puffer pipette.
In order to test whether the effect evoked by myelin was specific to an extract of nervous tissue, we tried preparing separate extracts of adult rat liver and adult rat kidneys using the same protocol that was used to make the myelin extracts. However, no material was present in the final pellet.
For certain experiments, the CNS myelin extract was heat-inactivated by maintaining the extract at 100°C for 30 min. For other experiments, the CNS myelin extract was treated with 0.02% trypsin at 37°C for 30 min.
Video-Microscopy
We made video microscopic observations of oligodendrocytes using an inverted microscope that was modified so that the stage, objectives, and culture dish were maintained a t 37°C. Before the culture dish was placed on the microscope, the normal media was replaced by media containing 20 mM HEPES (pH 7.3), and then preheated mineral oil was placed over the media to prevent evaporation. Using mineral oil allowed access to the cells for myelin application without degradation of either the fluorescent or phase contrast images. Cells were initially identified using phase contrast optics. The total apparent surface area of the leading edge was measured by tracing the outline of the leading edge and calculating the area within the outline. If the apparent surface area decreased by more than 50%, the leading edge was scored as having collapsed.
FURA2 Microscopy
Cells were loaded with FURA-2, AM (Molecular Probes) by incubating them in a solution containing: CaCl,, 5 mM; TEA-C1,120 mM; MgCI,, 2 mM; HEPES, 10 mM; FURA-2, AM, 3 pM; and Pluronic detergent, 1% wt/vol. The pH was adjusted to 7.3 with CsOH. The osmolality was adjusted to 300 mOs with sucrose. Cells were incubated in the FURA2 solution for 90 min at 37"C, rinsed twice with normal media, and returned to the incubator for 60 min before being placed on the microscope stage for experimental observation.
FURA2 ratio measurements were made using two different systems: a photometry system (Delta Scan, Photon Technology Inc.) attached to a Nikon DiaPhot microscope with a 40 x FLUOR oil-immersion objective, and a video-based system (Image l/FL, Universal Imaging Inc.) that used an SIT camera mounted on a Zeiss IM inverted microscope equipped with a computer-controlled shutter and filter wheel and a 4 0~-U V glycerine-immersion objective. For the photometry system, the excitation was provided by a xenon bulb. The exciting light was passed through dual monochrometers centered at 350 and 380 nm. For the video system, the excitation was provided by a mercury bulb. The fluorescence in response to excitation through 10 nm-wide band pass filters centered at 350 and 380 nm was measured. Ratio measurements were made 20 timesh on the photometry system, but images could be acquired and saved only once very 3 4 s on the video system. The photometry system allowed data to be collected more rapidly, at the loss of spatial resolution The photometry system was equipped with adjustable shutters in the light path between the specimen and the detector. This allowed emission intensity to be measured for one rectangular area of interest in the field of'view. In the experiments using the photometry system, only the emission intensity for the leading edge was measured. All experiments using the photometry system were performed at room temperature, and all experiments using the video system were performed at 37°C.
For each oligodendrocyte studied, an initial series of measurements were made to verify that there was a steady baseline calcium concentration. The final 25 s of the baseline data were stored, and then the acquisition program was paused. A myelin-containing puffer pipette was then brought close to the oligodendrocyte. Myelin was puffed onto the oligodendrocyte, and the micropipette was removed from the dish. Data acquisition was then resumed. This procedure, which took 15-30 s, was necessary because the pipette degraded the im-age when it was in the field. The ratios of the background-corrected amplitude of fluorescence values were converted into free calcium concentrations using two methods. A calibration curve of ratio values vs. calcium concentration was generated using FURA2-free acid in solutions of known free calcium concentrations. Ratio values were also converted to calcium concentrations using the formula of Grynkiewicz et al. (1985) . For the photometry system Fmin (the signal intensity in response to 380 nm excitation with 0 calcium) and F,,, (the signal in response to 380 nm excitation with very high calcium) were 1.174 x 106 and 8.416 x 104, respectively (in units of photons counted), and the maximal and minimal fluorescence ratios (Rmin and R,,,) were 0.48 and 22.7, respectively. For the video system Fmin and F, , , (in AD converter units) were 151.34 and 10.81, respectively, while Rmin and R, , , were 0.28 and 5.76, respectively. For both systems a Kd of 224 pM was used. The two calibration methods yielded calcium concentrations that were within 10% of each other. All drugs tested were made as concentrated stocks and then diluted into both the medium bathing the cells and into the myelin-containing solution in the puffer pipette. A t-test for means from unequal sample sizes was used to compare average resting internal free calcium concentration ([Cali) levels in each group, average maximal [Cali levels reached after contact with myelin in each group, and average change in [Cali evoked by contact with myelin in each group.
For certain experiments, the surface area of leading edges of oligodendrocytes was monitored using fluorescence video-microscopy. This approach was taken because the myelin extract was highly refractive, and did not allow for high resolution observation of leading edges with phase contrast or Nomarski optics during the time that the myelin was in contact with the leading edge. Once every 5 min, the FURA2-loaded oligodendrocyte was excited using only 380 nm light. Eight fluorescence video images were acquired, averaged, and saved to disk. At the end of each experiment, the surface area of the leading edge was measured on each of the saved images. Using the Image-1 software, the leading edge's outline was traced and the area within the outline calculated. When excited with 380 nm light, the intensity of emission of FURA2 decreases with increasing calcium concentration. However, even at the highest concentration of calcium studied, the fluorescence when excited a t 380 nm was quite bright, and the entire outline of the leading edge could easily be distinguished. We confirmed that measurements of the surface area of the leading edge from the fluorescence in response to 380 nm excitation gave an accurate estimate in the following manner. At the end of each experiment, the myelin extract was washed off and a phase contrast image and a fluorescent image of each leading edge was acquired. The surface areas obtained from the two images were measured and compared. Measurements from the two types of video-images were not significantly different (P < 0.01). A final concern might be that when calcium is elevated, the decrease in fluorescence intensity might lead to an underestimate of surface area. The experiments in which calcium was elevated by applying A23187 indicate that this is unlikely as well. There was no discrepancy in surface area estimated from phase and fluorescence in response to 380 nm excitation when calcium was caused to rise to levels even higher than that elicited by myelin. This result is not at all surprising, since the original work of Grynkiewicz et al. (1985) showed that the fractional decrease in fluorescence over this range of calcium concentrations is not very large.
RESULTS

Leading Edge Morphology of Rat Oligodendrocy tes
Changed on Contact With Myelin Video microscopic observations were made from neonatal rat oligodendrocytes in culture for a period of 5-7 days. No more than three cells were studied in a single dish, and all results reported include cells obtained from several different platings. In total, over 100 different dishes of cells were used for these studies. The stage of the microscope was maintained a t 37°C. Our major results are shown photographically in Figures 2 and 3 and graphically in Figure 4 . In the absence of contact with other cells, the processes of oligodendrocytes extended and retracted filopodia and lamellapodia, but changed little in overall complexity over a 30 min time period (Fig. 2) . Continuous observation of control oligodendrocytes by phase contrast microscopy for 30 min (n = 7) indicated that, on average, there was a slight increase in the surface area of the leading edge (Fig. 4) . In contrast, when myelin was applied for 30 min and then washed off so that the leading edge could be visualized with phase contrast microscopy (n = 251, a dramatic change in morphology was found. The fine filopodia and lamellapodia at the leading edge were retracted, so that the overall appearance of the process was much smaller and smoother. In the example illustrated two of the fine processes retracted completely into the cell body (Fig. 2) within 30 min. To quantify this change in morphology, we measured the total apparent surface area (not including any filopodia) of the leading edge. The leading edge was scored as having collapsed if the surface area decreased by 50% or more. By these criteria, 23 of 25 processes collapsed within 30 min when contacted with CNS myelin extract.
As a control for any nonspecific contact-mediated effects evoking collapse of the fine structure of the leading edge, we heated the extract of CNS myelin to 100°C for 30 rnin before applying it to oligodendrocytes. The CNS myelin extract treated in this manner did not evoke any change in morphology of the leading edge of oligodendrocytes (n = 10). As an additional test for nonspecific effects, we also treated the CNS myelin with trypsin. Trypsin-treated myelin also had no effect on the morphology of the leading edge of oligodendrocytes (n = 10).
Because of the refractile nature of the myelin extract, it was not possible to observe the leading edge using phase contrast video-microscopy while the leading edge was in contact with the myelin extract. Therefore, to determine the time course of the collapse of the leading edge, we monitored the morphology of the leading edge every 5 min using fluorescence microscopy to observe cells loaded with FURA2 (Figs. 3,4) . We first monitored several (n = 3) leading edges using this technique without applying any myelin extract. Under this condition, the surface area of the leading edges increased slightly over a 30 min period, similar to the leading edges observed with phase contrast video-microscopy (Fig. 4) . Thus, brief fluorescence illumination did not damage the leading edge. When the surface area of oligodendrocyte leading edges in contact with myelin was assessed by fluorescent microscopy (n = 8; Fig. 4) , a substantial decrease in surface area was seen within 5 min. Within 10 min after application of the CNS myelin extract, the leading edge had decreased in surface area by more than 60%, and a slight additional decrease in surface area was seen in the next 20 min (Fig. 4) .
CNS Myelin Evoked an Increase in Intracellular
Free Calcium
Changes in [CaJ, have been associated with many different growth cone behaviors including growth cone collapse (Kater and Mills, 1991) . If the analogy to the neuronal growth cone holds, then changes in [Ca] , in the oligodendrocyte leading edge might accompany recognition of and response to environmental signals.
Application of CNS myelin extract to oligodendrocytes consistently caused a large increase in [Ca] ,. In the majority of experiments, the intracellular free calcium concentration ([Call) within the distal processes and leading edges of neonatal rat oligodendrocytes loaded with F U W was measured with a photometry system. In these experiments, cells were bathed in our standard media, and maintained at room temperature. On average the resting intracellular free calcium increased by more than a factor of 5, from 71 nM to 431 nM (Table 1) . Similar results were obtained when the experiments were performed using the video system with the cells a t 37°C (average maximum [Cal, = 379 ? 13, n = 10).
The increase in [Cal, occurred rapidly, even a t room temperature (Fig. 5) . In more than half the cells (41 of 701, the increase reached a peak during the 20-30 s that the data acquisition program was paused. Typically, the [Cal, returned to pre-application levels with a time course that was much slower than the increase (1.5-2 rnin), and occasionally (n = 61, the [Cal, increased a second time during the 6 min that [Cal, was monitored. This increase in [Cal, in response to myelin did not occur if the myelin was pretreated by incubation a t 100°C or by trypsin treatment (Table 1) .
Specificity of the Myelin-,Induced Responses
Not all cells of the nervous system respond to myelin extract. Astrocytes (n = 6) were non-responsive. Astrocytes had a resting calcium level of 82 nm (?8, n = 6) before and after application of CNS myelin extract.
Contact with myelin from the peripheral nervous system of the adult rat evoked a [Cali increase in oligodendrocytes in vitro (Fig. 5, Table 1 ) and caused collapse of the leading edges of eight of ten cells tested. The [Cal, increase evoked in oligodendrocytes by PNS myelin was not significantly different from that evoked by CNS myelin (Table 1) .
Role of Elevated [Cali in Collapse and Retraction of the Leading Edge
We tested whether a rise in [Cali is sufficient to evoke the collapse of the leading edge by using the non-fluorescent calcium ionophore 4-l)romo A23187 (Molecular Probes). We applied 5 pM A!Z3187 (Molecular Probes) from the same type of puffer pipette that we used for the myelin application and monitored [Cali using the video-microscopy system. At 37"C, a 15-20 s application ofA23187 caused [Cali to rise transiently to 0.8-1.0 pM and then to return to preapplication levels in 2-3 min in all oligodendrocyte leading edges tested (n = 10). These transients were similar in time course, and slightly larger in magnitude than the calcium transients ob- Fig. 3 . Collapse of the oligodendrocyte leading edge a t 37°C in response to contact with CNS myelin extract. The same FURA2-loaded oligodendrocyte leading edge was imaged using fluorescence videomicroscopy, exciting the cell with only 380 nM light, before and after application of CNS-myelin extract. Numbers in the upper right corner served in response to CNS myelin. Under these conditions, the leading edge of seven of ten oligodendrocytes collapsed within 30 min after application of A23187. The 3 that did not collapse within 30 min were still intact after 60 min.
Myelin Evoked a Release of Calcium From Intracellular Stores and a Transmembrane Influx
of Calcium A rise in [Ca] , might be caused by either a calcium influx, by a release from internal stores, or by a combination of the two. To test a possible release from internal stores, extracellular calcium was chelated, by the addition of 5 mM EGTA. Our calculations indicate that 5 mM EGTA reduces the free calcium concentration in the normal media from 300400 pM to approximately 20-50 nM. This free calcium concentration is close to the resting [Cali we measured in oligodendrocytes, so there would be little or no influx of calcium if calcium channels opened in response to myelin. In this solution, CNS myelin could still evoke a substantial increase in [Cali. However, the peak value reached when cells were Fig. 4 . Percent change in surface area of oligodendrocyte leading edges at 37°C. Open circles represent oligodendrocyte leading edges (n = 7) that were monitored using phase contrast video-microscopy once every 5 min. Filled circles represent FURA2-loaded oligodendrocyte leading edges (n = 3) that were monitored using fluorescence video-microscopy (observation period = 3 seconds, 3 timedmin for 30 min). Only the data for 5 min intervals are presented. Open triangles represent FURA2-loaded oligodendrocyte leading edges (n = 8 ) that were monitored using fluorescence video-microscopy once every 5 min after CNS myelin extract was placed in contact with each leading edge. bathed in EGTA was significantly less than in control conditions ( Table 1 ). This result indicates that at least a part of the CNS myelin-evoked [Ca] , increase in oligodendrocytes is due to a release of calcium from internal stores. The partial inhibition of the calcium signal by EGTA might arise because there was also a transmembrane component to the [Cali increase or because there was a partial depletion of calcium stores in the absence of external calcium. To test for a transmembrane component of the myelin-evoked increase in [Cali, we added lanthanum to the extracellular solution, since lanthanum is known to block calcium flux through several kinds of channels (Gengo et al., 1983) . Lanthanum (5 mM) significantly reduced but did not block the myelinevoked increase in [Cali (Table 1 ). This finding suggests that the myelin-evoked [Cali increase is due to a n influx of calcium as well as a release from internal stores. If a portion of the calcium signal is due to transmembrane calcium flux, it might be possible to block this component with calcium channel blockers. Although it is not known whether mature oligodendrocytes have voltage-gated calcium channels, oligodendrocyte precursors are reported to have T-and L-type voltagegated calcium channels (Verkhratsky et al., 1990) . We used diphenylhydantoin in a n attempt to block T-type channels (Yaari et al., 19871 , and we used nifedipine in an attempt to block L-type channels (Gengo et al., 1983) .
Neither diphenylhydantoin nor nifedipine reduced or blocked the [Cali increase ( Table 1) . In fact, the resting [Cali levels were slightly higher in the presence of these compounds, and the maximum [Cal, levels reached with either drug in the media were significantly higher than control levels ( Table 1) .
N-type calcium channels are thought to be found only in neurons and have been implicated in mediating the calcium influx response for neurotransmitter release at the presynaptic terminal (Pin iind Bockaert, 1990 ; Rivier et al., 1987) . Omega-conotoxin GVIA specifically blocks N-type voltage-sensitive calcium channels in neurons and also blocks myelin-induced collapse of locus coeruleus neuron growth cones in vitro (Moorman and Hume, 1993) . The change in [Cali evoked in oligodendrocytes by contact with CNS myelin in media that contained omega-conotoxin GVIA was not significantly different from the [Cali evoked in the normal media (Table 1) . Moreover, omega-conotoxin GVIA did not block collapse of the fine structure of the leading edge of oligodendrocytes in vitro (n = 5).
DISCUSSION
We have shown that a n extract of myelin can have profound effects on the behavior of oligodendrocytes in vitro. Since myelin is a product of differentiated oligodendrocytes, these results suggest that oligodendrocytes might be able to recognize and react to specific molecules on the surface of other oligodendrocytes. The significance of these observations to the in vivo behavior of oligodendrocytes is unknown. However, if the collapse of the leading edge of a n oligodendrocyte is interpreted as an inhibitory response, as it IS for the neuronal growth cone, then one possible role might be to ensure that myelin sheaths are properly spaced, and that adjacent oligodendrocytes do not overgrow the node of Ranvier.
An important issue is whether the change in intracellular free calcium in response to myelin extract is specific to oligodendrocytes. It is clear that oligodendrocytes are not the only cell type that can respond to this extract. Schwab and his colleagues (Bandtlow et al., 1993) have shown that the growth cones of peripheral neurons can respond to CNE myelin extract, and we have obtained similar results in studies of the growth cones of neonatal rat locus coeruleus neurons (Moorman and Hume, 1993). However, not all cells of the nervous system respond to myelin extract since astrocytes were non-responsive.
The experiments described here were performed while doing a parallel set of experiments on the response of brainstem neurons to myelin (Moorman and Hume, 1993) . There are interesting parallels and some important differences between the responses of these two cell types. In both brainstem neurons and oligodendrocytes, CNS myelin elicits a collapse of the motile processes. Furthermore, this inhibition of motile activity is accompanied by a n increase in [Cali. In the case of brainstem neurons, results obtained using an agent that blocks the [Ca] , increase suggested that the calcium increase was necessary but not sufficient to induce the growth cone collapse (Moorman and Hume, 1993) . The results of experiments using the ionophore A23187 on oligodendrocytes are consistent with the idea that calcium might play a role in mediating the collapse of the leading edge. However, since we have been unable to block completely the myelin-induced [Cali increase in oligodendrocytes, a test of calcium's role in mediating the collapse of the leading edge cannot yet be performed. Interestingly, the mechanism by which calcium concentration is elevated is quite different in brainstem neurons and oligodendrocytes. In brainstem neurons, myelin seems to elevate [Cal, through a mechanism requiring calcium influx through voltage-gated calcium channels (Moorman and Hume, 1993) , and a specific calcium channel blocker can block the effect of myelin. In contrast, in oligodendrocytes, release from internal stores seems to be most important, and none of the calcium channel blockers tested, except lanthanum, had any effect. If the calcium rise in oligodendrocytes is in part due to a transmembrane flux (as suggested by the experiments with extracellular lanthanum), the calcium must enter the cells by a different mechanism than in brainstem neurons. Possibilities include a pump, a ligandgated calcium channel or a voltage-gated calcium channel with novel pharmacology. One good candidate mechanism is suggested by the work of Dyer and Benjamins (1990) , and involves the molecule galactocerebroside (GalC), a membrane glycoprotein found specifically on oligodendrocytes and Schwann cells. An antibody to GalC has been reported to cause an influx of calcium, and this influx was blocked by extracellular EGTA but not by extracellular cobalt (Dyer and Benjamins, 1990) . Furthermore, the calcium influx also led to a rearrangement of cytoskeletal elements that resulted in a collapse of the fine structure of the oligodendrocyte (Dyer and Benjamins, 1990) .
The results obtained with peripheral myelin further support the idea that the mechanism by which myelin induces a rise in [Cal, differs between neurons and oligodendrocytes. In certain CNS and PNS neurons in vitro, growth cone collapse is evoked by specific components of myelin produced by oligodendrocytes in the rat central nervous system (Caroni and Schwab, 1988a,b; Moorman and Hume, 1993) . These components of myelin are not produced by Schwan cells in the rat peripheral nervous system, so myelin from the peripheral nervous system does not evoke growth cone collapse (Caroni and Schwab, 1988a,b; Moorman and Hume, 1993) . Moreover, myelin from the rat central nervous system also evokes a [Cal, increase in neonatal rat neurons in vitro (Moorman and Hume, 1993; Schmidt et al., 1991) , while myelin from the peripheral nervous system does not (Moorman and Hume, 1993) . In contrast, peripheral and central myelin were equally effective in inducing morphological changes and an increase in [Cal, in oligo- dendrocytes. This suggests that either there are different molecules in CNS and PNS myelin that can evoke similar effects in oligodendrocytes in vitro, or that a molecule common to both CNS and PNS myelin triggers this response.
